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ABSTRACT: A bimonthly study of the spatial variations in fish assemblages in the six mangrove creeks along the western
coast of Taiwan was conducted from February 1996 to February 1997. Fyke nets were used to collect fishes in each of
three creeks in the north (subtropical) and south (tropical) regions. A total of 79 fish species belonging to 33 families
were collected and, of these, the Gobiidae, Mugilidae, Leiognathidae, and Cichlidae were the most diverse families. The
fish assemblages in each creek were dominated by a small number of small fishes, most of which are the young of
commercially important species. Their life cycles occurred to some extent in estuarine environments. Analyses by clas-
sification and ordination separated the assemblages into a northern group and a southern group and showed that the
assemblages were far more temporally varied in the southern creeks than in the northern creeks. Fifty fish species were
recorded in the northern creeks and 49 fish species in the southern creeks, with 20 species present in both regions. No
significant difference in number of species per netting was detected between the regions. The number of individuals
and biomass per netting were greater in the northern creeks than in the southern creeks. Rainfall and organic content
of sediments may be responsible for the difference in fish abundance between the regions. In the northern creeks the
assemblages were dominated by Liza macrolepis and Liza affinis in winter and spring, but the assemblages were more
diverse in summer and fall. In the southern creeks, the assemblages were always characterized by several species and
their dominance varied from month to month. The differences in the assemblage structure in northern and southern
mangrove creeks are likely due to the oceanic current patterns around Taiwan.
Introduction
Mangroves are the main vegetation types in pro-
tected intertidal areas along tropical and subtrop-
ical coastlines between latitudes 308N and 308S.
Comparison of fish assemblages in mangroves and
other adjacent habitats have revealed the role of
mangroves as nurseries and/or feeding grounds
for juvenile fishes (Robertson and Duke 1987; Lit-
tle et al. 1988; Blaber and Milton 1990; Chong et
al. 1990; Morton 1990; Laegdsgaard and Johnson
1995). Of particular importance, studies show that
1 Corresponding author; tele: 886-2-27899545; fax: 886-2-
27883463; e-mail: hjlin@gate.sinica.edu.tw.
many species found in mangrove habitats are
linked directly or indirectly to existing commercial
fisheries. Nevertheless, large-scale destruction and
modification of mangroves has been increasingly
reported worldwide (e.g., Robertson and Duke
1987; Laegdsgaard and Johnson 1995). These man-
made disturbances of the mangrove fish assem-
blages, which support coastal fisheries, are of great
concern.
Successful management of the mangrove ecosys-
tem requires a clear understanding of factors struc-
turing the fish assemblage. Geographic compari-
sons of fish assemblages may provide important
clues about the structuring factors but are seldom
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Fig. 1. The six study sites in the mangrove creeks along the
western coast of Taiwan.
possible because comparable studies using the
same sampling techniques and conducted during
same period are not available. Few comparative an-
alyses among mangrove habitats have been made
to assess how environmental factors influence man-
grove fish assemblages except for the studies of
Robertson and Duke (1987) and Blaber and Mil-
ton (1990), neither of which is conclusive. In the
study by Robertson and Duke (1987) the sampling
frequencies were different among the mangrove
habitats. Different sampling gears were deployed
in the study sites of Blaber and Milton (1990). It
is possible that their sampling techniques rather
than the environmental factors contributed to the
spatial variations observed in the fish assemblages.
The effect of sampling gear can be illustrated by
the studies of Morton (1990) and Laegdsgaard and
Johnson (1995) in the same mangrove forest. Mor-
ton (1990) used block netting with a mesh size of
18 mm and recorded 40 species in Moreton Bay,
Australia; Laegdsgaard and Johnson (1995) used
pocket seine netting with a mesh size of 1 mm and
recorded 53 species.
Northern Taiwan is characterized by a subtropi-
cal climate and southern Taiwan is dominated by
a tropical climate with distinct dry and wet seasons.
Since environmental conditions vary between
northern and southern Taiwan over a relatively
short distance, one can compare mangrove fish as-
semblages in different environments by using the
same sampling technique in each region. The pur-
poses of this study were to characterize the man-
grove fish assemblages in northern and southern
Taiwan, determine whether the different vegeta-
tion and environmental conditions of the two re-
gions have a marked influence on the fish assem-
blages, and, if so discover which species are most
affected by environmental factors.
Materials and Methods
STUDY SITE
Mangroves line a number of estuaries of Tai-
wan’s western coast. Six mangrove creeks, Chu-wei
(CW), Shin-feng (SF), and Chu-nan (CN) in north-
ern Taiwan and Pu-tai (PT), Pei-men (PM), and
Syh-tsao (ST) in southern Taiwan, were sampled
bimonthly from February 1996 to February 1997
(Fig. 1). These mangrove swamps have been des-
ignated protected areas and are relatively undis-
turbed. The mangroves in northern Taiwan were
primarily homogeneous forests of Kandelia candel
(Table 1). Mixed forests of Avicennia marina, Rhi-
zophora stylosa, Lumnitzera racemosa, and Kandelia
candel dominated the mangrove vegetation in
southern Taiwan. The areas of the mangrove for-
ests ranged from 3.6 ha in CN to 50 ha in CW. The
sediments were composed of very fine sand or silt
but varied in mean organic content from 0.26% in
PM to 7.23% in CW (Shiue 1995). The tidal ranges
of all study sites were similar, ranging from 0.2 m
to 1.8 m. At low tide the forests drained completely
and the creek channels were about 2–3 m wide
with about 0.20 m of water covering a thick layer
of coarse or fine silt. No seagrass beds or coral
reefs are adjacent to the mangrove creeks.
The mean water temperature in the six man-
grove creeks was warmest in June or August and
lowest in February (Fig. 2). Water temperature in
winter was cooler in the northern creeks than in
the southern creeks (148C compared to 178C).
Based on measurements in 1996 (Climatological
Data Annual Report 1996), annual rainfall was
higher in northern Taiwan than in southern Tai-
wan (1,752 mm compared to 1,296 mm). There
was no distinct wet and dry season in the north,
but rainfall in the south was concentrated between
June and August. As a result of the rainfall pattern,
salinity was lower in the northern creeks than in
the southern creeks (Fig. 2). Mean salinity was gen-
erally lower than 20 PSU in the northern creeks,
but it remained about 30 PSU in the southern
creeks except during the wet season. Mean turbid-
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TABLE 1. Mangrove vegetation, forest area, mean organic content in sediments (Shuie 1995), and substratum type for the six
mangrove creeks along the western coast of Taiwan.
Study Sites Mangrove Vegetation
Forest Area
(ha)
Organic Content
(%) Substratum Type
Chu-Wei (CW) Kandelia candel 50 7.23 coarse silt
Shin-Feng (SF) Kandelia candel 5.3 1.49 coarse silt
Avicennia marina
Chu-Nan (CN) Kandelia candel 3.6 1.70 coarse silt
Pu-Tai (PT) Avicennia marina 32 0.26 very fine sand
Rhizophora stylosa
Kandelia candel
Pei-Men (PM) Avicennia marina 5.0 0.88 fine silt
Kandelia candel
Syh-Tsao (ST) Avicennia marina 8.7 0.79 coarse silt
Rhizophora stylosa
Lumnitzera racemosa
Fig. 2. Water column salinity and temperature at six man-
grove creeks along the western coast of Taiwan between Feb-
ruary 1996 and February 1997. CW, Chu-Wei; SF, Shin-Feng;
CN, Chu-Nan; PT, Pu-Tai; PM, Pei-Men; ST, Syh-Tsao.
ity was generally high in each creek, ranging from
10 NTU to 20 NTU. Anoxia did not occur in the
water column of the creeks during the study peri-
od.
SAMPLING DESIGN
Fishes in the mangrove creeks were collected us-
ing fyke nets, which are similar to a fishing gear
called ‘‘cape´chade’’ (see Louis et al. 1995). Fyke
netting is the most popular fishing method in the
mangrove habitats of southern Taiwan. This pas-
sive fishing gear, which uses tidal dynamics to col-
lect nekton within small mangrove creeks, is well
suited to the mangrove environment (Rozas and
Minello 1997). It is composed of two fence nets
(10 m long; 1.2 m high; mesh size: 15 mm) and
three hoop nets (mesh size: 10 mm). The fence
nets completely occluded the width of the creeks.
The three hoop nets precluded fishes from escap-
ing as tides reversed.
Some fish species may remain in the creek chan-
nels at low tide. We have tried to assess the bias by
using cast net and rotenone at low tide in the pilot
studies. The species caught at low tide were Liza
macrolepis, Liza affinis, and Oreochromis hybrid, all of
which are collected in the fyke nets. Although go-
bies may burrow at low tide, they may leave their
burrows and be caught by the fyke nets at high
tide. The fyke nets should reflect the fish assem-
blages in the mangrove creeks. Fish abundance
may be underestimated in the six creeks, but these
estimates can provide indices of fish abundance.
On each sampling occasion, two nets were set at
the mouths of small tidal creeks draining the man-
grove forest at low tide and lifted 24 h later to
integrate day and night samples. One net was set
toward the estuary to catch fishes on rising tide
and the other toward the mangrove forest to catch
fish on falling tide. Samples from the flood and
ebb tides were separated for a given creek. Gen-
erally, individual fish and species were more abun-
dant in the flood tide net than in the ebb tide.
Samples from the two nets were pooled for each
creek. Predation within the nets was assumed to be
low because of the absence of large piscivorous fish
in the creeks. The collected fishes were brought
back to the laboratory where they were sorted,
counted, and weighed.
DATA ANALYSIS
The assemblage structure of the mangrove fishes
was studied using multivariate analysis. The indi-
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vidual was considered as the basic functional com-
ponent in the determination of species composi-
tion. The abundance of each species sampled on
each occasion at each site was classified by hierar-
chical agglomerative clustering using the un-
weighted pair-group method and arithmetic aver-
ages (UPGMA), and ordinated using the non-met-
ric multidimensional scaling techniques (MDS) in
the PRIMER package (Clarke and Warwick 1994).
Prior to classification and ordination, the abun-
dance was log10(n 1 1) transformed and the Bray-
Curtis similarity measure was used to produce the
similarity matrix. According to the Bray-Curtis sim-
ilarity matrix, multivariate dispersion (MVDISP)
was used to determine the temporal variability of
samples from each creek. Analysis of similarities
(ANOSIM) was used to determine whether the
compositions of fish assemblage were significantly
different among sites and times. Similarity of per-
centages (SIMPER) was employed to ascertain the
species most responsible for the similarity within
each group and the dissimilarity between groups.
A one-way repeated measures ANOVA was used
to determine whether the species number, total
number of individuals, total biomass, and number
of individuals of the five most abundant species
differed significantly between regions or among
times within regions. Climatic region was the fixed
factor and time was the repeated measure. Before
the analyses, the data of fish abundance and bio-
mass were each log10(n 1 1) transformed so that
the two critical assumptions of ANOVA (normality
and homogeneity) would be valid (Fry 1993). If
the result of ANOVA indicated significant treat-
ment effects at the 0.05 probability level, the Tu-
key-Kramer method was used to determine which
means were significantly different (Sokal and Rohlf
1981).
Results
ICHTHYOFAUNAS OF MANGROVE CREEKS
Seventy-nine fish species belonging to 33 fami-
lies were collected from the six mangrove creeks
along the western coast of Taiwan during the study
period (Table 2). Of the fish families collected, the
Gobiidae (18 species), Mugilidae (six species),
Leiognathidae (six species), and Cichlidae (five
species) were the most diverse. The fish assem-
blages were dominated by a small number of spe-
cies. The five most numerous species constituted
75% of the total number but only 60% of the total
biomass, indicating that fishes of small size (stan-
dard length of 3–7 cm) dominated the fish assem-
blages. Only a few Cichlidae (standard length of
10–14 cm), Anguilla japonica (standard length of
44–70 cm), and Pisodonophis boro (standard length
of 50–75 cm) were large individuals. L. macrolepis
was the most dominant species in both number
(35%) and biomass (31%) and was the most fre-
quently caught species (90%). L. affinis, Tilapia zil-
lii, Acentrogobius viridipunctatus, and Pomadasys kaak-
an each represented 3–7% of the total number and
were consistently present in the six mangrove
creeks.
MULTIVARIATE ANALYSES OF ASSEMBLAGE
STRUCTURE
Classification of the samples (numbers of indi-
viduals of each fish species from each creek in each
month) revealed two major groups: one containing
mainly samples from the northern creeks (Group
A) and the other comprising those taken from the
southern creeks (Group B) (Fig. 3). The former
group then separated into three subgroups: groups
C, D, and E. Group C contained samples from SF
and CN taken during summer and fall. Group D
contained samples taken from the same creeks
during spring and winter, together with samples
taken from CW throughout the year. Group E pri-
marily included samples from some southern
creeks during winter and spring.
The results of the non-metric MDS ordination
paralleled those produced by the classification.
The samples from the northern creeks formed a
group that was distinct from those collected from
the southern creeks (Fig. 4). The samples collected
from the southern creeks were far more temporally
dispersed than those from the northern creeks.
MVDISP showed that the relative dispersion values
for the non-metric MDS ordination for the samples
were 1.18–1.35 for those from the southern creeks
compared with 0.54–0.84 for those from the north-
ern creeks (Table 2). The more diverse samples
collected from the southern creeks were reflected
in the higher diversity index. The Shannon-Wiener
diversity indices of fish samples from the southern
creeks (1.62–1.84) were higher than those from
the northern creeks (0.95–1.39) (Table 2).
HABITAT COMPARISONS OF FISH ABUNDANCE
Fifty and 49 fish species were collected from the
northern and southern creeks, respectively (Table
2) of which 20 species were present in both re-
gions. The species number per netting was variable
(Fig. 5) and no significant difference was detected
between the regions or among times within re-
gions (Table 3). The mean number of species col-
lected from both regions were 7–10 species per
netting. The total individual number and total bio-
mass of fishes per netting differed significantly be-
tween the regions, but not among times (Table 3).
The individual number and biomass was greater in
the northern creeks than in the southern creeks.
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Fig. 3. Classification of the abundance data for each species
on each sampling occasion in the six mangrove creeks along
the western coast of Taiwan between February 1996 and Feb-
ruary 1997. Data were log10(n 1 1) transformed. CW, Chu-Wei;
SF, Shin-Feng; CN, Chu-Nan; PT, Pu-Tai; PM, Pei-Men; ST, Syh-
Tsao. February 1, 1996; April 2, 1996; June 3, 1996; August 4,
1996; October 5, 1996; December 6, 1996; February 7, 1997.
Fig. 4. Ordination (MDS) of the abundance data for each
species on each sampling occasion in the six mangrove creeks
along the western coast of Taiwan between February 1996 and
February 1997. Abundance data was log10(n11) transformed.
CW, Chu-Wei; SF, Shin-Feng; CN, Chu-Nan; PT, Pu-Tai; PM, Pei-
Men; ST, Syh-Tsao. February 1, 1996; April 2, 1996; June 3, 1996;
August 4, 1996; October 5, 1996; December 6, 1996; February
7, 1997.
Fig. 5. Bimonthly changes in species number, individual
number, and biomass of fishes (mean 6 SE) in six mangrove
creeks along the west coast of Taiwan.
The mean values of individual number and bio-
mass in the northern creeks were 29–1,377 individ-
uals per netting and 0.9–4.6 kg per netting com-
pared with 32–74 individuals per netting and 0.2–
0.8 kg per netting in the southern creeks (Fig. 5).
Of the five most numerous species, the occur-
rence of three species differed significantly be-
tween the northern and southern creeks. The
catches of L. macrolepis, L. affinis, and A. viridi-
punctatus in terms of individual numbers were
greater in the northern creeks than in the south-
ern creeks (Table 3). L. macrolepis and L. affinis
were caught throughout the year, but the catch of
L. macrolepis showed a significant interaction be-
tween region and time. The pattern of temporal
variations in the catch of L. macrolepis differed be-
tween the regions. While the maximum catch of L.
macrolepis in the northern creeks was observed dur-
ing the period of December and February, the
maximum catch from the southern creeks lagged
behind by 2 mo. The temporal variations in the
catches of A. viridipunctatus and P. kaakan were also
significantly different. A. viridipunctatus and P.
kaakan was present in large numbers during June
and August and in October, respectively.
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TABLE 3. One-way repeated measures ANOVA of species number, individuals and biomass of all fishes and of the five most abun-
dant species (.1%) recorded in the mangrove creeks of northern (N) and southern (S) Taiwan (ns, not significant at p . 0.05).
Between Region
F
(d.f. 1,4) p
Within Region Time
F
(d.f. 6,24) adj. p*
Time Region
F
(d.f. 6,24) adj. p*
Comparisons
of Means
Species number 0.31 ns 1.62 ns 1.72 ns
Total individuals 6.43 0.05 1.31 ns 1.07 ns N . S
Total biomass 6.92 0.05 0.84 ns 1.33 ns N . S
Liza macrolepis 6.60 0.05 2.65 ns 5.25 0.02 N . S
Liza affinis 7.49 0.04 3.10 ns 2.56 ns N . S
Acentrogobius viridipunctatus 7.72 0.04 5.00 0.02 2.12 ns N . S June, August . February,
April, October, December
Pomadasys kaakan 1.47 ns 6.53 0.01 1.36 ns October . February, April, June,
August, December
Tilapia zillii 1.14 ns 1.20 ns 0.55 ns
* p values were adjusted according to the Geisser-Greenhouse adjustment factor.
TABLE 4. Two-way crossed ANOSIM (region 3 time) of fish
communities collected bimonthly from the six mangrove creeks
along the western coast of Taiwan between February 1996 and
February 1997.
Factor
Sample
Statistics
Permutations
Used
Significant
Statistics
Significance
Level
Region 0.574 5,000 0 0.0%
Time 0.14 5,000 178 3.6%
HABITAT COMPARISONS OF ASSEMBLAGE STRUCTURE
ANOSIM demonstrated that the samples collect-
ed from the northern creeks were significantly dif-
ferent from those of the southern creeks (Table
4). Temporal variations were also significantly dif-
ferent but not as great as spatial variations. In the
northern creeks, the Shannon-Wiener diversity in-
dices for the assemblages were low (0.70–0.94) in
spring and winter and SIMPER revealed that L.
macrolepis and L. affinis dominated during this pe-
riod (Table 5). In summer and fall, the assemblag-
es became more diverse (the diversity indices:
1.53–1.82) and L. macrolepis, L. affinis, A. viridi-
punctatus, Oreochromis hybrid, and Acanthopagrus
schlegeli were co-dominants. The assemblages col-
lected from the southern creeks were character-
ized by a number of species, including L. macrole-
pis, P. kaakan, Oreochromis mossambicus, Glossogobius
aureus, Ambassis urotaenia, Poecilia velifera, and G.
olivaceus. Their dominance varied from month to
month. Generally, L. macrolepis dominated in the
spring and summer, P. kaakan in the fall, and O.
mossambicus in the winter.
SIMPER also revealed which species were most
responsible for the dissimilarities between the sam-
ples collected from the northern and southern
creeks (Table 6). O. mossambicus, L. macrolepis, and
L. affinis made the most substantial contributions
(. 10%) to the dissimilarities in winter and spring,
indicating these species are a good means of dis-
criminating between the assemblage structure of
northern and southern creeks during this period.
Because the samples collected from northern
creeks became more diverse in summer and fall
there were no species that clearly marked the dif-
ference between the two regions.
In terms of commercially important fish species,
no significant differences in the number of species
or individuals were detected between the two re-
gions (one-way ANOVA; df 5 1, 4; p 5 0.78 for
species number and p 5 0.19 for number of indi-
viduals). About 54% and 49% of the species and
85% and 66% of the individuals caught from the
northern and southern creeks, respectively, were of
direct importance for fisheries (Table 2).
There were also no significant differences in life-
cycle category of fish species between the northern
and southern creeks (one-way ANOVA; df 5 1, 4;
p 5 0.35–0.70 for species number and p 5 0.13–
0.64 for number of individuals). More than 50%
of the species in both regions were marine mi-
grants (Table 7). More than 30% of the species in
both regions were estuarine species. The contri-
butions made by freshwater migrants and catad-
romous species in both regions were small. Be-
cause of low salinity in the northern creeks, the
contribution of freshwater migrants in terms of
number of species was greater in the northern
creeks than in the southern creeks.
Discussion
The general paradigm that mangrove swamps
are important habitats for small fish is largely
based on the results of studies conducted in trop-
ical areas (Robertson and Duke 1987; Little et al.
1988; Chong et al. 1990; Louis et al. 1995). Few
mangrove habitats in subtropical and temperate re-
gions have been evaluated except those in More-
ton Bay (Morton 1990; Laegdsgaard and Johnson
1995), Botany Bay (Bell et al. 1984), and southern
Florida (Thayer et al. 1987). No studies have been
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TABLE 5. Percentage contributions (%) of the most abundant species (. 5%) to the average similarity within the fish communities
in the northern and southern mangrove creeks along the western coast of Taiwan.
Fish Species February 1996 April June August October December February 1997
North
Shannon-Wiener diversity 0.83 0.89 1.63 1.53 1.82 0.94 0.70
Liza macrolepis 57 63 62 41 28 68 75
Liza affinis 43 37 8 19 19 25
Acentrogobius viridipunctatus 19 12
Oreochromis, hybrid 16 11 7
Acanthopagrus schlegeli 13
Pomadasys kaakan 9 6
Terapon jarbua 9
Leiognathus nuchalis 8
Gerres oynea 6
Thryssa chefuensis 5
South
Shannon-Wiener diversity 1.48 2.06 1.86 1.65 1.95 1.73 1.32
Liza macrolepis 44 34 42 46 14 38
Glossogobius aureus 19 17
Tilapia zillii 16 13
Sillago sihama 11 13 51 41
Oreochromis mossambicus 24 13
Thryssa hamiltonii 7 14
Ambassis urotaenia 14 8
Boleophthalmus pectinirostri 10
Eleotris melanosoma 7
Leiognathus splendens 7
Poecilia velifera 18 13
Bostrychus sinensis 14
Pomadasys kaakan 30
Liza affinis 13
Glossogobius olivaceus 11 9
Nematalosa come 14 6
Chanos chanos 8
Acentrogobius viridipunctatus 6
TABLE 6. Percentage contributions (%) of the most abundant species (. 5%) to the average dissimilarity between the fish com-
munities in the northern and southern mangrove creeks in Taiwan.
February 1996 April June August October December February 1997
Liza affinis 11 11 5 9
Tilapia zillii 8 5 6
Glossogobius aureus 8 7
Liza macrolepis 8 6 13 11
Sillago sihama 6 6 7
Oreochromis mossambicus 10 7 12 17
Thryssa hamiltonii 5
Acentrogobius viridipunctatus 6
Ambassia urotaenia 6
Gerres oyena 5 5
Oreochromis, hybrid 6 5
Pomadasys kaakan 6 5
Poecilia velifera 5 7 5
Leiognathus splendens 5
Nematalosa come 6 5
Ambassia gymnocephalus 6
Glossogobius olivaceus 6
done on the mangrove fish assemblages in Taiwan,
which is near the northern latitudinal limit for
mangroves in Indo-Pacific waters. Findings from
subtropical Australia cannot be applied to subtrop-
ical Taiwan because of differences in environ-
ments, mangrove species, forest structure, and fish
composition, as has been suggested by Morton
(1990). The results of this study add an example
from a northern subtropical region (258N) and
show that the mangrove creeks in subtropical
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TABLE 7. Percentage contributions of species and individuals
of each life-cycle category caught in the northern and southern
mangrove creeks along the western coast of Taiwan between
February 1996 and February 1997.
Life-cycle Categorya North Region South Region
Species
Freshwater migrants 16% 8%
Estuarine 31% 41%
Catadromous 2% 0%
Marine migrants 51% 51%
Total 50 49
Individuals
Freshwater migrants 6% 29%
Estuarine 8% 40%
Catadromous , 1% 0%
Marine migrants 85% 31%
Total 3,159 1,053
a Classification system followed the grouping of estuarine fish-
es by Blaber (1997).
Fig. 6. Relationship between individual number of fishes
and organic content (A) and forest area (B) in six mangrove
creeks along the west coast of Taiwan.
Fig. 7. Monthly changes in offshore surface temperature in
northern and southern Taiwan. The data were taken from
NOAA-14 images (Taiwan Fisheries Research Institute).
Northern Hemisphere are also populated to a
large extent by fishes of small size and commercial
importance.
Despite using different types of fishing gear, the
number of fish species collected from Taiwan’s
northern creeks (50 species; 258N) was similar to
the number reported for other subtropical and
temperate mangrove habitats with different man-
grove species. Bell et al. (1984) recorded 46 spe-
cies in a A. marina forest in Botany Bay, Australia
(348S), Thayer et al. (1987) recorded 64 species in
a Rhizophora mangle forest in southern Florida,
United States (258N), and Morton (1990) record-
ed 40 species in a A. marina forest in Moreton Bay,
Australia (258S). These results combined with ours
show that latitude (climate) plays a more impor-
tant role than mangrove species in determining
species richness in a mangrove fish assemblage.
Tropical mangrove forests generally harbor
more fish species than subtropical mangroves
(Robertson and Duke 1990). Although southern
Taiwan is dominated by a tropical climate, the total
species number in the southern creeks was not
greater than in the subtropical northern creeks. In
the northern creeks, freshwater species (16% of
the species) were often brought into the mangrove
forests by river discharge in summer when the rain-
fall was high and the salinity significantly reduced
(, 10 PSU). In fact, the species number, excluding
the freshwater migrants and catadromous species,
was lower (41 species) in the northern creeks than
in the southern creeks (46 species) (Table 7). In
the northern creeks the presence of freshwater
fishes compensated for the latitudinal difference
and raised the number of species present in the
mangroves. The species number recorded in the
northern creeks was fewer than reported for other
tropical mangrove habitats, such as Pagbilao, Phil-
ippines (148N) (128 species, Pinto 1988), Selanfor,
Malaysia (38N) (119 species, Chong et al. 1990),
Solomon Islands (88S) (85 species, Blaber and Mil-
ton 1990), and Alligator Creek, Australia (198S)
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(128 species, Robertson and Duke 1990). Our re-
sults support the observed trend: that subtropical
mangrove forests harbor relatively fewer fish spe-
cies than tropical mangrove forests.
The difference in abundance and biomass be-
tween the two regions cannot be attributed to the
presence of freshwater species in the subtropical
creeks, because the freshwater fishes contributed
less than 7% of individuals (Table 7). This differ-
ence was mainly due to greater catches of the con-
sistently abundant species in both regions, includ-
ing L. macrolepis, L. affinis, and A. viridipunctatus
(Table 3). Robertson and Duke (1987) suggested
that the low carrying capacity of fish results from
low mangrove primary production and that re-
duced predation pressure is responsible for high
abundance of fish. Blaber et al. (1985) suggested
that clear, deep water in mangroves favors preda-
tion on juveniles by piscivorous fishes and reduces
the effectiveness of such area as nurseries. We did
not catch any large piscivorous fish species in any
of the mangrove creeks. There were not any large
differences in water turbidity values across all
creeks. It appears unlikely that variations in the
presence of piscivorous fish or in water clarity can
explain the difference in fish abundance between
the two regions.
Fish abundance in the mangrove creeks studied
was highly correlated (r2 5 0.98) with organic con-
tent in the sediments but only moderately corre-
lated (r2 5 0.47) with forest area (Fig. 6). The for-
mer relationship may explain in part the greater
abundance of fish in the northern creeks. The
high rainfall and consequent increase in freshwa-
ter discharge in the northern creeks may produce
a greater input of mangrove and terrestrial detritus
into the creeks. Organic-rich sediments are pre-
sumably richer feeding grounds for the dominant
benthic-feeding fishes, such as L. macrolepis, L. af-
finis, and A. viridipunctatus, that feed on periphy-
ton, polychaetes, crustaceans, molluscs, and organ-
ic detritus (H.-J. Lin unpublished data). The same
tight relationship between organic content in sed-
iments and fish abundance was observed among
the mangrove habitats in tropical Australia (Rob-
ertson and Duke 1987).
The temporal patterns of fish abundance may
also reflect variations in the processes for the re-
cruitment of juveniles. The influence of offshore
processes on the density of mangrove nekton has
been well demonstrated by studies on the popula-
tion dynamics of the banana prawn (Penaeus mer-
guiensis) in northern Australia (Crocos and Kerr
1983). Thomson and Luther (1984) reported that
L. macrolepis is mainly caught in large numbers dur-
ing the spawning season. Wen (1996) and Lin and
Shao (1999) found that mature L. macrolepis in Tai-
wan spawn offshore in winter and spring and the
juveniles move to coastal waters or mangrove for-
ests after 3–4 wk. Winter temperatures appear to
play a certain role in determining the spawning
behavior of L. macrolepis. It is probable that a time
lag between the maximum catch of L. macrolepis in
the southern creeks and in the northern creeks is
because the water temperature becomes cold ear-
lier in the northern waters (Fig. 7). Since the var-
iability in winter temperature in northern Taiwan
is greater extent from year to year, it is not sur-
prising that a greater year-to-year variation in fish
abundance was observed in February in the north-
ern creeks (Fig. 5).
In this study, spatial factors contributed more to
differences in assemblage structure than seasons,
as has been suggested by Robertson and Duke
(1990). Although separated by a relatively short
distance (about 130 km), distinct fish assemblages
formed in the northern and southern creeks (Fig.
4). One explanation for this result is that the
mixed forest structure in the southern mangroves
(Table 1) may promote more diverse fish assem-
blages. Alternatively, the differences in fish assem-
blages may result from the oceanic current pat-
terns around Taiwan. Differences in fish assem-
blages of coral reefs between northern and south-
ern Taiwan were observed by Shao et al. (1992).
They proposed that the low water temperature in
northern Taiwan (Fig. 7) resulting from the south-
ward flow of oceanic current along the coast of
mainland China in winter serves as a barrier to
northward movement of many tropical fish species
(Wang and Chern 1989). Similarly, only those spe-
cies that can tolerate low water temperatures sur-
vived in the northern mangrove creeks where di-
versity indices were low. Some tropical fish species
may move into the waters of northern Taiwan only
in summer when a branch of the Kuroshio Current
flows northward along the western coast of Taiwan
(Wang and Chern 1989). Seasonal variation in the
Kuroshio Current may explain why the diversity in-
dex of the fish assemblage in the northern creeks
was low in winter and higher in summer.
Conclusions
Our results demonstrated that both northern
and southern mangrove creeks in Taiwan are im-
portant habitats for small fishes, most of which are
the young of species directly important to regional
fisheries. These habitats must be conserved to en-
sure the sustainable use of fisheries resources.
Rainfall and organic content of sediments may be
responsible for the differences in total fish abun-
dance between the northern and southern creeks,
but offshore processes may also influence the re-
cruitment patterns of the most dominant species.
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The distinct fish assemblages in the northern and
southern creeks are likely determined by the oce-
anic current patterns. Any large-scale modification
of mangrove habitats, such as building a dike
around mangroves to prevent flooding, would pre-
vent the flow of seawater or fresh water into the
mangrove swamps and may have significant effects
on mangrove swamps as important habitats for ju-
venile fishes.
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